Purpose To study a series of cases where vascularised fibula flap was used in various combinations of bone with muscle and skin along with its modifications for reconstruction of simple and composite defects of the facial region.
Introduction
Partial or complete resection of maxilla and mandible can be unaesthetic and at the same time cause functional difficulties. Large defects involving the maxillomandibular region due to destruction of bony segments and soft tissues have long been the consequences of extensive surgical ablations.
Immediate reconstruction of maxilla, mandible and adjoining soft tissues has been performed using fibula tissue transfer from past 3 to 4 decades and has proved to be a reliable morphofunctional reconstruction technique. Fibula free flap was first described by Taylor and colleagues in 1975 [1] , and then Hidalgo [2] introduced it for mandibular reconstruction in 1989.
Fibula free flap (FFF) provides several advantages over other donor sites. These include ample bone length, ease of flap dissection and shaping with less blood loss, a possibility of 2 team approach, long pedicles with large calibre vessels and minimal donor site morbidity. Its vascular supply is recipient independent, making it favourable for reconstruction in irradiated or poorly vascularized tissues. The fibula is nourished by its periosteal blood supply. Hence, multiple osteotomies of the fibula to confirm to the maxilla and mandible are feasible without devascularising individual segments. Moreover FFF offers tremendous bicortical bone stock for dental implant placement and a versatile cutaneous unit for concomitant soft tissue reconstruction [2] [3] [4] [5] [6] [7] [8] [9] . Also FFF based on separate septocutaneous perforators is of benefit to extensive substitution to externally cutaneous and internally oral linings [10] .
The aim of this study is to report a case series with our experience in using vascularized fibula flap in various combinations of bone, muscle and skin for reconstruction of maxilla and mandible.
Patients and Methods
A retrospective analysis of 30 patients who had undergone reconstruction for maxillary and mandibular defects operated on between 2009 and 2013 in Department of Maxillofacial Surgery, Bhagwan Mahaveer Jain Hospital, Bangalore, India was done. This study was granted exemption from the IRB. Also, an informed consent was obtained from all the patients involved in this study.
Inclusion criteria included patients with any pathology or defect demanding reconstruction, with a minimum follow-up of 3 months. Exclusion criteria included only unwilling patients.
All patients underwent fibula free flap transfer via a midlateral incision over the fibula with a modification if skin paddle was included. Pre-operatively the extent of defect was determined using panaromic radiograph and/or computed tomography (CT). Jewer et al.'s [11] HCL classification ( Fig. 1) for mandible and Brown's [16] classification (Fig. 2) for maxillary defects, was used in this study. Hand Doppler and Duplex coloured Doppler [12] , was performed to detect any anatomical variation or pathology of the peroneal circulation, patency of the anterior and posterior tibial vessels and identification of skin perforators. No arteriograms were used. Allen's test of arterial occlusion of the foot was also done routinely for all patients.
A lateral approach [13] under tourniquet was used for flap harvesting. Proximal and distal ends of at least 6 cm of fibula were left in situ to maintain ankle and knee joint stability. The skin island was centred at the middle and/or lower thirds of the leg. Recipient needs dictated the size of the fibula and its cutaneous paddle.
A two-team approach was used in all patients. The cephalic team prepared the recipient site and neck vessels, while the other team harvested the flap and reconstructed the defect.
Data collected through the chart reviews included age at reconstruction, gender, diagnosis, defect location and size, flap ischaemia time, fibula bone length, skin paddle, use of soleus and/or flexor hallucis muscle, number of fibula osteotomies, anticoagulant regimen, length of hospital stay, duration of follow-up, esthetic satisfaction, post-operative complications (flap problems, fistula formation, bone exposure, miniplate complications, infection, donor site disabilities), dental rehabilitation and additional procedures done to achieve the same was done.
Results
Thirty consecutive patients with various etiologies, underwent reconstruction of maxilla and mandible with FFF (Table 1 ). There were 23 males and 7 females, with a mean age of 39.5 years (range 11-68 years). Immediate reconstruction was done in 86.66 %, of which 93.3 % underwent mandibular reconstruction and the remaining maxillary.
According to the classification proposed by Jewer et al., for mandibular defects, 30 % patients were of H-category, 10 % L-category, 7 % LC-category, 1 % LCL-category and 1 % of C-category (Fig. 3) and according to Brown's classification, for maxillary defects, 3.33 % patients were of class II and 3.33 % were of class III category (Fig. 4) .
A Weber-Ferguson incision with a skin crease incision in the neck was used for maxillary reconstruction and a visor incision or lip-split incision with skin crease extension in the neck was used for mandibular reconstruction (Fig. 5) . Anastomosis to the facial vessels was commonly done for maxillary and to the facial or lingual or superior thyroid branch of ECA and a branch/trunk of IJV was done for mandibular reconstructions.
Skin paddles were harvested in 40 % patients, with all the cutaneous units placed as intraoral linings except one patient where it was used to reconstruct the corner of mouth (Fig. 6) . Donor sites were closed primarily in 50 % patients with harvested skin paddles and the remaining required a split thickness skin graft (Fig. 7) . A suction drainage was inserted before wound closure, and an elastic bandage was used as dressing.
The mean number of osteotomies of the fibula to recreate the mandibular shape was two (range 0-3) (Fig. 8) , depending on the location and extent of the defect. A reconstruction plate was prebent intraoperatively (Fig. 9 ) to be symmetrical with the contralateral jaw and was used to attach the fibula segments to it. 60 % of patients were reconstructed with a 'double-barrel' technique (Fig. 10) . Titanium miniplates and screws were used to fix the osteotomy segments in the double-barrel technique.
The flap artery and vein were anastomosed to the recipient vessels. No autugenous vein graft was used. All the donor and recipient vessels were topically irrigated with heparinized saline solution before microanastomosis. Return of flap circulation was judged by bleeding of periosteum, bone and skin paddle. The total ischaemic time was 150 min on average (range 120-180 min).
Post-operatively pharmacologic regime was a lowmolecular weight heparin during the first few days for thrombosis prophylaxis. All patients were ambulated within 3-5 days and none of them used any assisted devices. Hospital stay was approximately 1 week in all cases, except one wherein, the patient went into hypotension induced acute renal failure which warranted extended stay in the hospital.
6.66 % patients had a flap failure, wherein the flap had to be removed within 10 days after primary reconstruction. Venous stasis was the cause of failure in both patients. Following this, 2 veins were anastomosed for all our FFF patients as a protocol. A significant donor site morbidity was seen in 3.33 % of our patients but none had any permanent disability.
10 % patients reported back for dental implant rehabilitation of which 6.66 % underwent vertical distraction osteogenesis (Fig. 11) to facilitate the same but this was not required once we started performing double-barrel reconstructions.
An overall success rate of 93.33 % was reported with our study. 
Discussion
The vascularized fibula flap in combination with skin and muscle has become a flap of choice for maxillary and mandibular reconstruction. Thirty consecutive patients were evaluated with a minimum follow-up of 3 months following reconstruction. Irrespective of the etiology of the defect, FFF was preferred for reconstruction. The ease of harvesting, use of two-team approach, availability of good bone length, feasibility of obtaining a skin paddle, muscle or both, perform multiple osteotomies, ability to double barrel the flap, presence of good caliber vessels including two veins, ease of implant supported dental rehabilitation, minimal donor site morbidity, make it the flap of choice for most facial reconstructions.
The most important finding from our series is the functional and aesthetic rehabilitation that all the patients have received. The FFF provides a better base for oral and dental rehabilitation than that offered by other kinds of reconstruction.
Soft tissue flaps like latissimus dorsi free flap or rectus abdominis free flap, achieve good bulk to fill the defect, however they do not address the bony skeleton particularly the mandible, zygoma, orbit or alveolus.
The scapula osteocutaneous free flap offers the potential to address these needs but it may not always be suitable for placement of osseointegrated implants [14, 15] . Further The disadvantages of iliac crest myo-osseous flap are its potentially excessive bulk, limited soft tissue mobility in relationship to the bone and short pedicle length [16, 17] .
The composite radial forearm flap is not adequate for the quantity and quality of bone it can supply [18] .
The FFF provided the best bone source for functional reconstruction of maxilla and mandible in terms of quality and esthetic contouring of the face. This flap has an added advantage of providing sufficient height of bone using 'double-barrel technique', for ease of dental rehabilitation and also performing vertical distraction osteogenesis, to increase the height of bone to achieve the same in case of single-barrel reconstructions.
Use of stereolithographic models for pre-operative planning of the osteotomy cuts and the shape of the jaw, should be considered to achieve better and quicker results. Long term studies of a larger population is required to further support the data provided in this article.
Considering the advantages and versatility with less complications and limitations, FFF should be considered as gold standard in reconstruction of facial defects.
Conclusion
The various advantages of fibula free flap with minimal complications and limitations make it the most versatile flap for reconstruction of facial defects. Hence, fibula microvascular free flap should be considered as the, 'gold standard in reconstruction of facial defects'. However, long term studies with a larger population and minimal bias is needed.
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